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238 FROCKEDmOS OF THE AMERICAN ACADEMY 

a Browning nine-priBin direct-vision epectroscope (nithont slit) placed 
inside the focus of the 28-inch mirror, the sensitive plate being at the 
focQS. 

The 12-inch refractor was received at this time, and a good deal of 
photographic worlt was done with it to determine ita actinic focus and 
other constants, but no photographs of stellar spectra were made with 
it this season. Its best actinic focus was found to be ^^ inch outside 
of the focus for G. 

In July, 1876, several photographs of the spectmm of Vega were 
taken with an apparatus which Dr. Draper called the " spectrograph." 
It consisted of a box about three feet long, which screwed into the 
tailpiece of the reflector in place of the eyepiece. It consiBted of the 
following parte: first, a slit; close behind this the brass tube of a 
Browning direct-vision spectroscope containing either 3, 6, or 9 prisms 
(variable at pleasure) ; nest to this, and 14 inches tram the slit, a 7-inch 
Voigtlander portrait-lens and camera. The results were not materially 
different from those obtained by the earlier methods, and the apparatus 
was so awkward that it was soon abandoned. At this time was intro- 
duced the plan of setting the slit in the direction of the right^^scen- 
sional motion, so that any slight irregularities of the driving-clock 
would only widen the spectrum a little, instead of removing the star's 
image from the slit. The nse of a cylindrical lens to broaden the 
spectrum was not found to be of any particular advantage. 

During September and early in October, 187G, experiments were 
tried by putting the Browning direct-vision prism, without slit or lens, 
inside the focus of the 12-inch refractor, A cylindrical lens of 14-inch 
focus could be placed either between the prism and the object-glass, or 
between the prism and the sensitive plate. The difficulty produced by 
tLe fact that the focus of the object-glass varies for different rays, was 
partly overcome by tilling the sensitive plate. 

On October 9 the Huggins star-spectroscope seems first to have 
been brought into use, one prism only being employed. It was at- 
tached to the re&actor, and at first used with wide open slit. It was 
found difGcuIt but very important to adjust the collimator accurately 
in line with the optical axis of the large telescope. 

On October 12 another stellar spectroscope was arranged, consisting, 
first, of a slit with an open space between it and the end of the tele- 
scope, BO that one could see whether the star remained centred on the 
slit; then the nine-prism Browning direct-vision combination; then 
two opera-glass lenses, and behind this the plate-holder. This was 
attached to the reflector, and several stellar spectra were photographed 
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with it ; but they tnmed out very &int, aud the removal of the slit did 
not make them any brighter. 

October 18 and 19, 1876. Experiments were made upon the apec- 
trum of Venna, both with the reflector and refractor, — the former 
^ving much the atronger pictorea. The platea show the linea very 
well, especially those between G and H. At thia time an eyepiece 
was added for the purpose of watching the lower end of the spectnim, 
and so maintfuning the adjustments. 

October 25, 1876. Six photographa of the apectrum of Tenua were 
made, which came out very aatisfactorily. Experiments were made, 
giving data for determining the best width of slit. 

October 27, 1876. Some photographs of the spectram of Vega 
were made with the same apparatus, but results were not very aatiafac- 
tory. The air was misty, 

October 29, 1876. In the afternoon the same stellar spectroscope 
was attached to the 12-inch refractor, the aperture of which was 
reduced to IJ inches. The alit was cloaed eo that 6 appeared distinctly 
triple, in the spectrum of the sun, and a series of photographs was made 
with exposures of i minutes, 1 minute, 5 seconds, and 1 second, respect- 
ively. The last proved just about the proper exposure, and indicatea 
that the necessary exposure for Yenns is 196 times that for the Sun. 

During 1877 Dr. Draper was occupied mainly with work connected 
with his research upon the existence of oxygen in the Sun. In 1878 
the season waa occupied with the Transit of Mercury in May, aud 
with the Solar Eclipse on July 29th ; so that during these two years 
. nothing was done with stellar spectra. 

While in England, in June, 1879, he obtained aome of Wratten and 
Wainwright's dry plates, and on his return reaumed hia atellar work 
with them. As the 28-incb mirror had not been reailvered since the 
removal of the film at the time of the Transit of Mercury, he used 
the 12-inch refractor for all his experimenta, in connection with the 
Huggins star epeCiroscope, with ttoa prisms, instead of only one, as in 
1876, In October, he read before the National Academy of Sciences 
a paper upon the subject, which was published in the American 
Journal of Science for Decemt>er, 1879. 

The platea made by the collodion process up to and including 1876 
were, of course, of no value for measurement, and have all been lost or 
destroyed, except about half a dozen " strippiugs " of the earliest ones, 
which still remain gummed into the note-books. For this reason it 
has seemed desirable to present the note-hook data respecting them in 
the way which has been adopted. 
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In the list which follows, of the plates ezisdag in the poBsessiou of 
Mrs. Draper, the remarks against each plate give all necessary details. 
The photographs were all taken with the Uuggins star spectroscope 
with its two prisma, attached sometimes to the reflector, sometimes to 
the refractor, as indicated. 

The first column of the table gives a current reference number ; the 
second, the date; the third, the name of the object; the fourth, the local 
mean time of be^nning of the exposure, when the note-books furnish 
it ; the fifth, the duration of the exposure ; the sixth, the width of the 
slit in thousandths of an inch ; and the seventh, the aperture of the 
instrument used. Remarks ibllow quoted from the note-book. An 
asterisk denotes that the plate was one of those measured by Professor 
Pickering. 
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Several of these pliotographs, eis stated above, were taken to tbe 
Harvard College Observatory in the spring of 1883, when the meas- 
nrements described below ifere made. This work may be divided into 
tbree parts : first, the determination of the relative positions of the 
lines in the various spectra in terms of any convenient nnit of length ; 
secondly, from the known spectra of the Moon and Jupiter, a determina- 
tion of the relation of these measures to wave-lengths ; thirdly, a reduc- 
tion of the measures of the stellar spectra to wave-lengths, and a 
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discussioQ of the restilta. The measures were made with the □ 
ter described in the Annals of Harvard College Observatory, VIII. 42. 
The photograph was moved under a microscope by a micrometer screw 
having a pitch of g'^ of an inch. By turning the screw, the lines were 
brought to coincide with the end of a hair in the field of view of the 
microscope, and the position was determined by the divided head of the 
screw. As is naual when examining photographs, very low powers 
were essential, or much of the finer detail would be lost. The best 
results were attained with an eyepiece and objective, each equivalent 
to a lena of about 2 inches focns, giving when combined a magnifying 
power of about fifteen diameters. The uncertainty in the position of 
the lines of the photograph greatly exceeded the errors of setting and 
• the irregularities of the screw. To establish this point a meaaarement 
was made of the divisions of ,a glass scale constructed by Professor 
Rogers, in which the errors were wliolly inappreciable with so low a 
magnifying power. Ten divbions were compared, each of which was 
g^^ of an inch, and equalled ^^ of a revolution of the screw. The 
results gave an average deviation of .0015 of a revolution, mainly due 
to a slight eccentricity of the head of the screw. This eccentricity 
amonnt«d to about .002 of a revolution. Twelve divisions, each equal 
to ^ of an inch (one turn of the screw), gave an average deviation 
of .002 of a revolution. These errors might be still further reduced 
if required, by taking additional precautions ; but they are entirely 
insensible compared with the uncertainty in the position of the lines in 
the photograph. They correspond in fact to only about .02 of a ten- 
millionth of a millimeter in the wave-length. Throughout the work, 
all the settings were made by turning the screw in the direction in 
which the readings increase. 

The reduction of the measures to wave-lengths was greatly aided 
by the fact that but little change was made in the spectroscopic appa- 
ratus throughout the entire investigation, and that especial care was 
taken to secure stiffness in its construction. A single curve could 
thus be used for all the reductions, at least provbionally. On the 
other hand, it does not seem safe to assume that, when two spectra are 
photographed side by side on a plate, the lines in each will have the 
same position. 

In some of the photographs, especially in Plates 63 and 65, there is 
a perceptible want of coincidence between lines which are doubtless in 
reality of identical origin. No such deviation could be caused by any 
flexure of the telescope, but it might be due to flexure of the spectro- 
scope when directed towards objects at different altitudes, or to change 
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of temperatore of the prisma between successive exposnres. It is too 
great to be attribated to motios of the star in the line of sight. 

The measurementa have all been reduced to a common zero point 
bj subtracting the reading of the H line from each, and adding 5.000 
to avoid negative readings. The H line was selected, since it is com- 
mon to nearly all the Bpectra, and is so well marked that an accurate 
setting can be made on it. This more than compenaates for its 
breadth, which renders it an inconvenient starting-point in the solar 
spectrum. Any correction for error in setting on thia line can better 
be applied to the final reaulla than to the original measurements. 

Since Jupiter and the Moon shine by reflected light, it may be 
assumed that their spectra are identical with that of the Sun, and that 
the wave-lengths of the lines in their spectra may therefore be taken 
from a map of the solar spectmm. On account of errors in the rela- 
tive prominence of difi'erent lines, errors in identification may occur 
in comparisona with maps made by hand. The photograph of the 
diffraction spectrum by Dr. Henry Draper (Amer. Journ. Sci., CVI. 
401) has therefore been used as the standard to which these measure- 
ments are referred. For wave-lengths toa great to he contmned in 
this map, AngstrBm's Map- (^Recherchea sur h Spectre Solaire, Berlin, 
1869) has been employed. Comparison has also been made with the 
map of Comu (_Ann. de V&ole Normale Supirieure, Series ir,,Vol.III.), 
and those of Vogel {PiMicationen des astrophyiikaliachen Observa- 
toriums tu Potgdmn, I. 133, II. 83). The unit employed throughout 
is the ten-millionth of a millimeter, and the results are only carried to 
single units. The best maps of the solar spectrum differ by as much 
as one or two of these anits in the ultra violet portion, and a greater 
precision than this in stellar spectra is obviously at present unattain- 
able. 

To pass from screw readings to wave-lengths points were constructed 
with the readings of the spectra of the Moon on Plate ]9 as abscis- 
sas and the corresponding wave-Iengtlis as ordinatea. This plate was 
selected since the lines appear to be more numerous and better defined 
than in the other photographs. A smooth curve was then passed through 
these points. The wave-leogths corresponding to each half-turn of the 
screw according to this curve are given in Table II., columns 1 and 3. 
The relation between these quantities may he very closely represented 
by the formula, X ^ 3672 + 39 b + 4«^ in which X denotes the 
wave-length, and n the number of turns of the screw. The values 
computed by this formula are given in (he third column, and the ob- 
served minus the computed values in the fourth column. 
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The close agreement of the formnla with obserratiou jualifieB its use 
for reducing the obaerTationg, siace, if any deviatioa is indicated in the 
resnlts, a correction may be applied to them. Accordingly the curve 
represented by this formula was drawn upon a large scale, and the 
wave-lengthg correspondiiig to each reading were taken from it. In 
Table III. a comparison is given of all the lines measured in the 
spectram of the Moon and of Jupiter, The snccesBtve columna ^ve a 
number for reference, and the original screw readings for the plates 
whose numbers head the columns, after applying the correction de- 
scribed above, which gives for the H line a reading 5.000 in each 
spectrum. The readings giving the limits to which the spectra could 
be traced are omitted in this table, except where they indicate known 
lines. In the latter case they are indicated by Italics. 
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In Table IV. these measures are compared. The first column 
gives the same number for reference as in Table III. The eecond 
column gives the wave-lengths of the lines in the solar spectrum, with 
which the lines here measured are assumed to be identical. Each 
measurement is reduced to wave-lei^hs bj the formnla given above. 
The residuals found by Hubtracting the assumed wave-lengths from 
these are ^ven in the subsequent columns. Each plate ia designatdd 
by its appropriate number. 
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-2 




-3 




■"6 


'^ 


'^ 


49 


4404 






—1 


"-^ 


—4 






—4 


—5 


60 


4414 










—6 






-3 


-8 


61 


4424 










—1 






+fi 


-h4 


62 


4464 


'+2 


'+3 


■-2 


"J^ 


—7 




"^ 


—7 


—7 


63 


4483 










-12 






—9 


-11 


64 


4630 


'lljt 


—14 




—is 


-16 






-12 


-28 


66 


4649 
















—9 


-18 
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Plate 42 was one of the first to be measnred, and only the most 
conspicuous lines were obaeired. Thia was done wUh the iutentioo of 
determining the scale from a fen well-defined lines. It was afterwards 
deemed better to employ all the lines visible on each plate for this 
purpose. No marked line in the solar spectrum satisfactorily repre- 
senU No. 4 of Table IV. Nos. 3 and 4, 5 and 6, and 7 and 8, are des- 
ignated in the ori^aal record as the limits of transparent bands in the 
negatives, that is, of dark bands in the Bpectnim. (Noa. II and 12 
appeared as a broad dark baud, whose edges were observed in Platd 
65, aod iU centre in Rates 21, 24, 35, and 43. No. 28 is recorded in 
Plate 57 as the ceotre of the band extending from 27 to 29. No. 47 
is not well identified. The photographs of the solar spectmm indicate 
a line having A. = 4375 as the most conspicuous in this vicinity. 

The reuduals in Table IV. must next be examined, to see if they in- 
dicate any systematic deviatjoii, or if any correction should be applied to 
the wave-lengths as dedaced by the formula X ^ 3672 -f- 39n -|- 4«*. 













TABLE 


V. 










- 


Hood. 


Jupitff. 


I 


Ho. 


s+ 


5 — 


¥ 


No. 


2 + 


2— 


^ 


*± 


Com. 


l^ 


3700 


a 


? 
















+0.7 


+0.5 


0.7 


8800 


11 


4 


V4 


—1,8 




11 










2.4 


8900 


IV 


7 


m 


—0.6 


14 


fl 


'.n 


— 1,1 


-0,8 


-0.8 


1-5 


4000 


IV 


« 


3 


—0.1 


IP 


10 


14 


-0.2 


-0.2 


-<t.l 


1.3 


4100 


1?. 


\Vi 


H 


+0.9 


•« 




11 


+ 1.0 


+1.0 


+1.0 


1.5 


4'2O0 


%\ 


HV 


1 


+3.3 


l!fi 


73 





+ 2.8 


+3,0 


+2.2 




4300 


IV 


IK 


Ml 


—0.3 


W 


s:i 


u 


+ 0.3 


+0,1 


+0.7 


1.0 





















—1.6 


—2.6 


2.2 


4600 


7 


6 


36 


—4.8 


12 


1) 


132 


—11.0 


—8.6 


—7.4 


4.6 



In Table V. they are arranged in groups extending from 3750 to 
3850, 3850 to 3950, etc. The first column gives the approximate 
mean wave-length of each group, and the next four columns give ibr 
the Moon the number of measurements included in each group, the sum 
of the positive and the sum of the negative residuals, and their alge- 
braic mean. The next four columns give the corresponding quantities 
for Jupiter. The last tiiree columns relate to the observations of the 
Moon and Jupiter, withont distinction. The first of these columns pvea 
the algebraic mean of all the residuals, and indicates the observed 
deviation from the computed wave-lengths. A curve was drawn to 
represent this deviation, and its ordinates are given in the next colnmn. 
Finally, the residuals were all corrected by means of this curve accord- 
ing to the system indicated in Table VI., and the arithmetical mean of 
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the reeidnala is given in tbe last column. The Tesidnala of the H line, 
being all rendered zero by the method of reduction, are not included 
in the last colomn, although ret&tued in the preceding columns. 

The average deriation of all the measures, including the faint, as 
well as the more marked lines, ia only 1.7, or lesa than ^ of the interval 
between the oodium linea. Leaa accuracy was attained in measuring 
the lines near the ends of the spectrum, owing to the faintnesa of the 
photographic effect. In many cases the last lines were marked as 
" very doubtful." This error was increased for the lines of greater 
wave-length by the &ct that a ^ven distance, as one diviaion of the 
screw, represents a change in wave-length of double the corresponding 
amount at the other end of the spectrum. Without the correction in- 
dicated by One table, the average deviation of the individual results 
would be 2.7. Table VI. gives the correction indicated in each por- 
tion of the spectrum derived from Table Y. The first column gives 
the Umiting wave-lengths within which the corrections in the aecoi^ 
column ahould be applied. The sign of the corrections is such that 
they are to be added to the results derived &om the formula. 



Umlu. 


O-™^. 


U^. 


OomoBon. 


8700 to 8767 





4398 to 4421 


+ 8 


8758 " 8962 


+1 


4422 " 4443 




8963 " 4064 





4444 " 4464 




4066 " 4126 


—1 


4465 ■' 4484 


-1- 8 


4127 " 4294 


—2 


4485 " 4608 


-J- 7 


4266 " 4308 


—1 


4504 " 4521 


-1- 8 


4809 " 4342 





4622 " 4639 


+ 


4348 " 4371 


+1 


4640 ■■ 4556 


-1-10 


4372 " 4397 


+2 







Measurements of these spectra may then be converted into wave- 
lengths by applying to the readings of the curve described above the 
corrections of Tajile VI. Thus the measurement 2.618 ^ves by the 
curve 3802, but since this falls between 3758 and 3952, we must 
apply the correction +1. The wave-length corresponding to 2.618 
will then be 3803. When the same lines are observed in several 
spectra, the correction may be applied to their mean, instead of to the 
separate readinge. 

Plates 21, 23, and 24 were taken with the 12-inch refractor, and 
accordingly the spectra are narrow in the violet and wide in the blue 
portions. For Plates 63, 65, 73, and 78 the 11-inch telescope was 
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employed. As this instmrnent is corrected for the photographic rays, 
the epectra are of nearly anifonu width, becoming slightly narrower 
at the ends. The other plates measured were obtained with the 
28-iiich reflector. As such an inatrament ia free from chromatic aber- 
ration, the spectra are of uniform width. 

Tbe measurements of the various spectra are given in Table YII. 
The first column gives a number for reference, followed by the meas- 
ures of the corresponding lines in the columns headed by the number 
of the fdatea. The second part of each portion of the table gives tbe 
mean wave-length of each line, found by reducing the corresponding 
measures to wave-lengths by means of the curve and correcting by 
Table VL The last colmnns give the residuals foand by subtracting 
tiie mean from (he individnal values. So many measures were made 
of a LyrtB that the second part of the table is here separated from the 
first. In Plate 73 the residuals are omitted, since the scale for this 
plate differs from that of the others. In the spectra of a Scorpii on 
Plate 78 the H line is not visible. The original readings are therefore 
^ven in Table Vn. 

TABLE vn. 
aAQuii^s. 



NO. 


a 


43 


56 


A 


« 


a 


U 


1 


1.517 


1470 






3738 


+1 


—1 




2 


1.703 


1.765 






8754 




~-l 




S 


2.104 


2.089 






8778 




—1 




4 


2.539 


2.542 






3798 









5 


3.129 


8.150 






8835 




+1 




6 


8.B04 


3.914 




3.029 


3887 







■+i 


7 


4.640 


4.611 




4.662 


3988 







+1 


8 


&000 


6.000 




6.000 


3967 










9 




6.770 






4080 









10 


i.m 


6.673 




6.595 


4102 




-1 


'+i 


11 


8.986 


9.012 




8.937 


4839 


— ^ 


+1 


+1 




aLTiUB. 




1 


No, 


28 


S) 


34 


4S 


M 


fiS 


e& 


78 


12 


isoa 


















18 


1.620 


j'ioa 




i'sss 


i^ss 








OMS 


14 


1.787 


1.772 






1.736 






i'jss 


1.211 


16 


2.114 


2.118 




21166 


2.068 








1.605 


16 


2.664 


2.673 




2.680 


2.604 


si's9 




ism 


2.121 


17 


3.121 


3.128 




3.161 


3.118 


8.162 


3.i38 


8.149 


2.890 


18 


8.026 


3.918 




3.961 


8,914 


3.900 


8.911 


8.935 


8.782 


19 


4.617 






4.63Q 


4.602 


4.519 


4.509 


4.544 


4.487 


20 


6.000 


5.666 




6.000 


6.000 


5.000 


6.000 


5.000 


6.000 


21 


6.665 






6.660 


6.669 


6.688 


6.575 


6.669 


6.832 


22 




8393 




&881 


8.916 


a022 


8.918 


8.913 


0.508 


2S 


















11696 
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„. 


* 


» 


K 


S4 


V, 


» 


es 


«6 


12 


3728 
















13 


B738 




'"6 


'+i 


■114 








14 


3768 







+4 


-2 






-2 


15 


8773 







+3 


—2 








16 


8799 






+2 


—3 


— i 




■+i 


17 


8836 






+1 


—2 


+1 


■"6 


+1 


18 


8888 






+2 


—1 


—2 


_i 


+1 


19 


8832 






+1 


-3 





~i 


+1 


20 


3967 





















21 


4102 






—1 





+1 





—1 


22 


4337 


_2 




—3 


+1 


+2 


+1 


+2 


23 


4861 
















a Av&xoM. 1 


No. 


ai 


43 


BT 


* 


31 


48 


BT 


24 




8.600 




3865 









25 


4.S3S 


4.628 


4iiS 


3932 


"0 





+ 1 


26 


6.000 


6.000 


6.000 


8967 











27 




5.494 




4008 













6.832 


6.776 


4032 




+8 


■::2 


29 




6.970 


6.918 


4045 




+2 


-2 


30 






fl.281 


4076 




+2 


-2 


81 


6.m 


6,600 


6.668 


4102 


"6 


+1 


—2 


82 




6.929 


6.978 


4134 




-2 


+3 


38 




7.171 


7.160 


.4166 






-1 


84 


7.347 


7.392 


7.328 


4174 


— i 


+8 


-3 


86 


7,627 


7,644 


7.649 


4199 


-1-3 


-U 


-« 


36 




7.777 


7.737 


4214 






-2 


37 


7.9i6 


7.881 


7.864 


4228 


'+3 




—2 


38 






7.985 


4339 









S9 






8.090 


4251 









40 




. sice 


8.174 








—2 


11 




8.867 


8.290 


4269 






+1 


42 




8.468 


4287 






+1 


43 






8.667 


4289 









44 


8.638 


8.666 


8.626 


4307 


"0 




—1 


46 






a75fl 


4321 









46 


8.076 


8.946 


8.902 


4841 


'+4 


"6 


—4 


47 




8.001 


[8.801] 


4368 







t+n 


48 




9,342 


9.259 


4382 




+5 


-4 


49 






9.450 


4401 









60 




9.747 




4438 




"6 




51 


8,948 


9.952 




. 4462 


'"6 











10.187 




4493 









63 


10.396 


10.456 




4524 


'He 


-1-4 




64 




10.641 




4652 










The record of No. 47, Plate 57, gives a reading of 8.801 ; but this is 
evidently wrong, since it is less than No. 46. It should perhaps have 
been 9.101, which gires a residual -^I. 
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TABLE VIL — Cimtimud. 
d Booth. 



».. 


m 


H 


m 


A 


»> 


M 


« 


ee 






t-S»t 


3819 









56 






3.246 


3842 






ft 


67 






3.608 


^ 











5S 




3.765 


8.816 


88T8 




'—2 


+2 








4.122 


S902 









60 


ii'si 


4*662 


4.554 




1938 




'+i 


+1 


SI 


5.000 


5.000 


6.000 


8967 










62 






6.347 


8995 









63 


s'fioa 




6.480 


4007 


+i 




—1 


64 


5.830 




6.801 


4034 






_1 


65 


6.976 




6.938 


4046 


+2 




—1 


66 


&.W6 




6.113 


4067 






+2 


67 






8.281 


4072 









68 


eiea 


6.84fi 


6.824 


4080 




■■'6 


—2 


6B 


6.88B 






4084 








70 


6.630 


6.66i 


eiio 


4088 




■+2 


"o 


71 






6.787 




116 









72 






6.917 


4131 









78 


7.688 


7.098 


7.080 


4146 




"■+2 


—3 


74 


7.800 


7.380 


7.885 


4172 


_4 


+4 





75 






7.612 


4199 









76 


7.718 




7.742 


4212 


—2 




+1 


77 


7.880 


7.827 


7.855 


4224 




LLk 


+2 


78 






7.965 


4284 







+1 


79 


8:162 




8.100 


4254 






-2 


80 


8.384 




8.299 


4275 


■+4 




—4 


81 


8.M7 


8.ei5 


8.613 
8.706 


4306 
4326 


+2 


— i 


—2 
-0 


88 


8.876 




8.800 


4884 


'"6 




+1 


84 


8.093 




0.018 


4849 


—2 




+1 


85 


9.274 


o!208 


9.292 


4383 


—i 


+6 


-2 


80 


9.661 




9.460 


4407 


+6 




-i 


87 


9.827 




9.880 


4460 





"+6 


—6 








10.180 


4480 









80 


10.417 


10.382 


10.388 


4520 


+3 


-2 


~^ 


a ScoRFii. 1 


No. 


3a 


IB 


78 


A 


8B 


48 


90 






50.449 


3978 








91 






52.126 


4009 








92 


e'eei 


6'876 




4182 




■H4 


"Hi 


93 




7.175 




4158 









Qi 


7.M5 




62,988 


4189 




+3 


-8 


OS 


7.642 


7.562 


63.346 


4202 




-9 


-8 


9« 




7.718 


68.480 


4212 






_2 


97 






63.632 


4224 








98 




7'.927 


68.720 


4238 






'"6 


09 






63.804 


4242 








100 


8.067 


e'oss 


68.942 


4263 




■^ 


"-ih 


101 


asos 


8.339 


54.122 


4270 




+-1 


—6 


102 




8.390 


64.221 


4280 
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TABLE TIL — C^in(inu«f. 
a SooBPii. 



So. 


SB 


48 


78 


* 


. 


48 


103 


8.477 




54.804 


4201 


—1 




IM 


8.698 


8.543 


54.303 


4296 


-»-7 


'+i 


105 




atJ50 


64.548 


4312 




—2 


106 






64.668 


4320 






107 






64.718 


4328 






108 


8.926 


8.925 


54.811 




'+3 


+8 


109 






54.864 


4342 






110 






54.932 


4349 






111 




9.087 


66.019 


4360 




■^ 


112 






65.078 


4366 






113 






66.150 


4374 






114 






55.210 


4882 






115 


0.591 


0.585 


55.474 


4410 


+8 


+i 


116 




9.764 


55.718 


4440 




-2 


117 






55,787 


4448 






116 




10.083 


66.921 


4464 




■+4 


119 


io.iii 




66.037 


4477 


+4 




120 






66.188 


4400 






121 






66.827 


4613 






122 




lo'si? 


66.622 


4539 




"-^ 


123 






66.674 


4544 






121 


10.866 




66,761 


4567 


+12 




125 






57.148 


4617 






126 






57.476 


4658 






127 






57.610 


4676 







The measures of the diSereot photographs of the first four stars agree 
8S well as conld be anticipated. The accidental errors are small considei^ 
ing the extreme faiDlness of many of the images. No large systematic 
deviations appear, except in the case of a Lyra, Plate 73, to which ref> 
erence has already been made (p. 253). Small systematic errors are, 
however, perceptible in other plates, aa in No, 34, where the residnala 
change from positive to negative, and in No. 45, where they change from 
negative to positive. They wilt not, however, sensibly afiect the final 
result, and scarcely justify the application of a separate correctioii, 

A comparison of the lines in a Aqitilm * and a Lyra is given in 

' A pecnliarity of the ■pectmin of a Aquiltt deserves special mentaon. 
Besides the intense broad hydrogen bands wbich characterize the spectrum of 
a LyrtB and similar stars, it exhibits a maltitude of veiy fine lioes, which are 
eBsily seen between G and H in seTeral of the plates, but are too delicate to be 
satisfactorily measured. Dr. Draper considered these flne lines very iraporlant, 
as showing that this star — Altair — should be considered a sort of intermediate 
link between b Lyim and Sinus on one side, and Capella and the Sun on the 
other, — C. A. T, 
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Table VIII. The coIuiuds give a nnmber for reference^ the reault for 
a Aguila taken from Table VII., that for a Lyra, and that given by 
Dr. Huggins for all stars of this class. 

TABLE VIIL 



Mo. 


Dr.Dr^«. 


Di.HuKlni. 




Dr.Dmpw. 


Dr.Blv^n. 


-MID-. 


■ Lj«, 


TTp.1. 


.Aqollii.. 


-Ljm. 


Trpel. 


1 






3699 
















3708 
















8717 


10 














8730 




3967 


3967 


8966 


fi 


3754 


3763 


8746 


12 


4030 






6 


8773 


3778 


8768 


13 


4102 


4102 


4101 








3796 


14 


433S 


4387 


4340 



The distinctive feature of these spectra is a series of broad dark 
lines at regular intervals. The lines of greater wave-length appear to 
coincide with the hydrogen lines, and the interval between the suecea- 
sive lines continues to diminish with the wave-length. Twelve of 
these lines are photographed by Dr. Hnggins. To these we should 
add the lines F (4861) and C (6562), which are beyond the Umits of 
the photograph. The first and second lines are not contained in Dr. 
Draper's photographs, as his plates were not sensitive \a rays of such 
short wave-length. Line 10, which appears to coincide with E of the 
solar spectnim, is as strong as the others in a AquUa, but in every 
photograph of a Xyris was marked as faint. In one case in Plate 30 
it was overlooked. Ttiis photograph was over-esposed in this part of 
the spectrnm, but a more careful ezamination shows that the line is 
probably present. Line 10 was only noticed in Plate 42. 

Tbe resemblance of the spectrum of a Auriga to that of the Son has 
already been noted ; a Bootit appeared to belong to the same class, but 
tbe identity of tbe lines was not perceived nnttl the measurements bad 
been reduced. It then became obvious that this star also has a spec- 
trum closely resembling the Snn, The comparison is made in Table 
IX. The first and second colnnms are tbe same as in Table IV., and 
^ve 8 number for reference and the wave-length of the lines in the solar 
spectrum. The next colnmn gives the number of plates of Hie Moon 
and Jupiter, on which each line was measured. It therefore ^ves a 
snffidently good comparison of the relative prominence pf each line. 
The next four columns give for the Moon, for Jupiter, for a Atmffa, 
and for a Bootit, the mean of the measured wave-length minus tbe 
wave-length given in the second column. 

VOL. ZIX. {H. S. XI.) IT 
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.. 


iJpl 


So. 


HMO. 


Japl». 


■ AMfB, 


,1^. 


1 


ST36 


1 











2 


8750 


2 


+1 








3 


3759 


2 










4 


[37T4] 


2 


+1 








6 


3786 


1 


+4 








6 


3801 


2 


—1 








7 


38ia 


2 


—1 






'+s 


8 


3841 


4 


—8 






-l-l 


9 


3859 


4 





+8 







10 


3872 


5 


-1 


—2 






11 


3878 


6 


+4 


H-S 




'"6 


12 


3888 


5 


+1 


+a 






13 


3905 


6 





+1 




"-^ 


11 


3033 


9 


+1 





-i 





15 


3B43 


1 


-2 








16 


8067 








""6 


"6 


"'6 


17 








—5 






18 


8998 


3 


■^ 


-3 






19 


4006 


5 


+1 


+1 


■+3 


+2 


20 


4082 


7 










+2 


21 


4045 


6 





-♦-1 







S2 


4063 


6 











23 


4071 






~1 




—1 


21 


4077 


6 


'+i 


-t-1 


-i 


-t-8 


25 


4101 





+1 


+1 


-t-1 


—3 ■ 


26 


4118 


1 


— e 






—2 


27 


4133 








"6 


'+i 


—2 


28 


4138 


1 











29 


4143 


5 


"6 


—2 




'+3 


30 


4165 


e 





+1 


+i 




81 


4172 

4187 


8 
2 


+8 


-t-1 



-1-2 


'"6 


S3 


4201 


6 


■"6 


-I 


—2 


'—a 


31 
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The only line omitted in thia table which was noted in the spectra of 
a Aurigm or a Boolin ia No. 69 of Table VJL Thia line waa meaa- 
nred in Plate 23 aa ope edge of a dark band in the negative, No. 70, or 
h, forming the other side. Its wave-length may therefore be taken as 
about 4090. This is the bright band noted on page 242. The same 
phenomenon is shown in Plate 24, and even better in Plate 32. It 
is also noticeable, though in a leas marked manner, in the solar spec- 
trnm, aa is shown in the photographs of Jupiter and of the Moon. 

Not only do the lines of a Auriga and o Bootu appear to coincide 
with those of the Sun in position, but their relative intenaity aeema to 
be nearly the same. Of the twelve lines seen in at least seven of the 
nine spectra of the Moon and Jupiter, every one is contained in the 
spectra of both a. Aurigm and a Bootis. Of the fifteen lines which are 
BO faint as to be contained in but one or two of the spectra of the Moon 
or Jupiter, only four are contained in tie spectrum of a Bootii, and 
but one in that of a Aurigm. The evidence afforded by these photo- 
graphs, therefore, points very strongly to the conclusion that the spec- 
tra of these atara, and consequently their conatitution, are the aame aa 
that of our Snn. 

The measurements of o Scorpii are mnch less satis&ctory than 
those of the other stars. Plate 73 gives a large number of lines, but 
the scale of thia plate, as already stated, differs from that of the 
others. Fortunately, a Lyrce was photograped on the same plate, and 
a curve waa accordingly constructed with the measurements of the 
lines of this star as abscissas, and the wave-lengtbs taken from the 
measures of the other plates aa ordinates. By this curve the meas- 
ures of a ScoTpit were reduced. Plates 39 and 48 were taken with a 
wide slit, and the lines are indistinct. A satJafactory comparison 
ooidd acarcely be made without preparing enlarged paper positiona, 
and marking on them the potnta measured. This seems scarcely 
advisable, considering the superiority of Hate 73. The large residuals 
render the identification uncertain in some cases, since any line would 
fall near one of those in Plate 73. The correspondence js much less 
marked than in the other stars. 

A comparison of the measures of tbe various platea is given in 
Table X. The first column gives the number of tbe plate ; tbe sec- 
ond, tbe name of the object photographed ; the third, the number of 
measures made, that is, the number of points of tbe spectrum noted ; 
and the fourth column gives the quantity subtracted from each of tbe 
measures to reduce them to the same zero. The measures of tbe ends 
of tbe spectra are given in tbe next two columns, followed by the 
reduced value in wave-lengths. 
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PBOCEBDINQS OF THE AUEBIGAN ACADEMY 
TABLE X. 
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ni«. 




Banning, 


Xodlog. 


BeglimlDi. 


Ending. 


21 


a AnrigB 


11 


46.184 


i.63e 


11.374 


z-m 


4650 




Moon 


24 


45.173 


0.951 


11.898 


8708 


4737 


2S 


oBootiB 


24 


45,281 


4^3S 


11.465 


3082 


4064 


24 


aBootis 


IS 


45.841 


s.res 


11.384 


3876 


4614 




Moon 


18 


45.184 


s.m 


12,074 


3836 


4749 


26 


a Lyre 


12 


61.328 


IMS 


12.714 


8728 


4843 


30 


oLyre 


10 


48.086 


IMS 


13.06S 


8738 


4896 


S2 


a Bootie 


86 


45.032 


S^9S 


12.419 


3819 


4799 


86 


Jnpiter 
aL;ne 


42 


45.100 


$£0i 


12.091 


8838 


4751 


84 


11 


49.708 


IMS 


12,215 


3789 


4770 


se 


aScorpii 
oAqmlta 


12 


41.272 


4.870 


11.308 


8967 


4660 


41 


11 


08-613 


isn 


11.179 


3789 


4622 


42 


aAqoiln 


12 


63.818 


1470 


12.294 


8787 


4T76 




Jupiter 


6 


63.308 


i.5Sl 


11.888 




4721 


48 
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26 


46.216 


3.800 
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8865 


4713 




JopiKr 


20 
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S.1B9 


12.296 




4780 


45 


11 


47,572 
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3734 


4735 


4S 
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8 


45.517 


2.5S9 


11.689 


3798 


4694 


48 


a Scorpii 
oAquilsB 


10 


48.441 


6.691 


11.209 


4113 


4628 


60 


7 


45.489 


3.310 


11.646 


3846 


46T4 




Jupiter 


87 


45.551 


3,230 


12.126 


3841 


4765 


67 


Jupiter 


12 


44.848 


3.478 


11,386 


3857 


4651 




oAuriglB 


25 


44.862 


i.545 


12.338 


3932 


4786 


68 


aLyr» 


8 


45.123 


2,657 


11.699 


3805 


4681 




Moon 


84 


45.032 


S.lie 


12094 


3834 


4760 


65 


a Lyra 


9 


45.040 


I.7SS 


12.001 


8751 


4738 




Moon 


42 


44.991 


1,526 


12.015 


3789 


4744 


78 


aScorpii 


37 


45.316 


5.133 


13,272 


3976 


4820 




aLy™ 




45.316 


0363 


1S.595 


3728 


4861 


78 


aAquiln 


10 


43,546 


0.060 


24.069 







The reiidiDgB io the sixth colnmn cannot be reduced to vave-lengtlu 
directly, since they fall oatside of the UmitB of Table YI. The curve 
on which this table was based was accordingly prolonged, and a curve 
drawn ^ving for la^e readings the correspoading wave-lengths. In 
the colamns of Table XI. these valaea are given for intervals of half a 
turn of the micrometer screw. 

TABLE XL 



....,»-. 


WknlADgth. 


Kc^Tu™. 


WaTB-LaDgtIi. 


10.0 
10.6 
11.0 
11.5 


4468 
4632 
4597 
4666 


12.0 
12.6 
13.0 


4737 
48U 
4886 



Q?he readings in the fourth column of Table X. serve to test the 
flexure of the spectroscope by showing whether the zero was the game 
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in the Taiioos epectra on the same plate. A portion of the difFerence 
ma; be due to the imposaibility of aetdog the lines exactly at right 
itngles to the micrometer screw, and in some cases, as in Plate 56, to 
a possible movement of the plate between the measnrea of the two 
spectra. This cannot account for all the difTerence, however, nnce in 
several casea it ia obvioua to the eye. The difference in wave-length 
would vary in different parte of the spectrum, but an idea of its mag- 
nitude may be inferred by the role that one turn of the screw near the 
H line corresponds to a change of 80 in the wave-length. The two 
apectra are thus displaced by aeveral units, an amount which the 
reaiduale show is quite beyond the accidental errors of measurement. 
The adoption of a new zero for each spectrum thus appears to 'have 
been entirely justified. 

From the last two colmnns of Table X. we see that the plates are 
sensitive to rays of light of wave-lengths 3750 to 4800, that is, from 
M nearly to F. When the light is intense, the spectra extend beyond 
these limits. F b photographed in Plate 73, and in Plate 21 a line 
marked >' very doubtful " was observed at 3708. It was not induded 
in Tables HI. and IV., as it probably only indicates the beginning of 
the spectrum. 

To secure entire independence in the results, the measures were 
completed before the reductions were begun. The lines in each plate 
were measm^ without comparison with aoy map, and no search was 
made for lines which appeared to be wanting. When two sinular 
spectra were photographed side by aide, as in Plate 21, care was taken 
to cover one when measuring the other. Under these drcnmstances, 
tiie agreement in the measures of several plates is strong evidence of 
the identity of the spectra. 
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On Photographing- the Spectra of the Stars and Planets. 
Bt Henst Drapbb, M.I>. 

[Retd be(i>n the NiUniol iosdam; of SolsDca, Oat. 29, ISTB.] 

Fob many years it has aeemed probable that great interest would 
be attacbed to photographs of the spectra of the heavenly bodies, be- 
caoBe they offer to us conditions of temperature aud pressure that 
cannot be attained by any means known at present, on the earth. 
The especial point of iatereet is comiected with considerations regard- 
ing the probable non-elementary nature of the so-called elementary 
bodies. There has long been a suspicion in the minds of scientific 
men that one or more truly elementary bodies would be found from 
which those substances which have not as yet been decomposed are 
formed. The recent publications of Lockyer have attracted par- 
ticnlar attention to this topic. 

The most promising laboratory processes for accomplishing the disso- 
ciation of our present elements depend' upon the action of heat, espe- 
cially when accompanied by electrical influences, and upon relief of 
pressnre. But the temperature we can employ is iar below that found 
in the stars, which is comparable only with the heat of our Sun, and 
when in addition the application of heat is restricted by the narrow 
range of circumstances under which we can also reduce the pressure, 
complete success seems to be impracticable in the laboratory. 

But in the stars, nebulte, and comets there is a multitude of experi- 
ments all ready performed for us with a variety of conditions of just 
the kind we need. It remains for us to observe and interpret these 
results, and this is the direction I have sought to pursue. 

There is but one mode of investigation that can add materially to 
the knowledge Astronomy has given us of the heavenly bodies ; that 
is the spectroscopic This in its turn is capable of a subdivision inte 
two methods, one by the eye, the other by photography. Each of 
these bae its special advantages and each its defects. The eye sees 
most easily the middle re^ons of the spectrum, and can appreciate ex- 
ceedingly fiunt spectra; by the aid of micrometers it can map with 
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preci^n the position of the Frannhofer lioea, and by estimation it can 
with tolerable accumcy approximate to the relative strength, breadth, 
asd character of these lines. The character of the epectram lines is 
however of great valne for the purposes we are now speaking of, and 
the greatest precision is needed. Photography, on the other hand, as 
applied to &int spectra, deals mainly with the more refrangible region, 
and cannot at present be employed in stellar wprk below the line F. 
Fortuuat«l}' there is no break in the spectnun between the place 
where the eye leaves off and photography begins, and hence the two 
methods lend one another mntu^ assistuice. The photograph, when 
suitably accommodated with a standard reference spectmm from some 
known source, gives valuable indicatians as to the positions and all 
the pecaliaritjes of the lines. 

But the application of photography to the taking of stellar spectra 
is snrroTinded by obstacles. These are partly dne to the small quan- 
tity of light to be dealt with, and partly to the fact that it is neces- 
sary to overcome the motion of the earth, and other canses, such as 
atmospheric refraction, which seem to make a star change its place 
continually. The exposures of the sensitive plate require to be some- 
times toT two hours, even with a large telescope, and if during that 
time the image of the star at the focus of the telescope has changed 
place 3^0 of an inch, the light no longer fells on the slit of the spec- 
troscope. The changes of the earth's atmosphere in regard to photo- 
graphic transparency as well as by fog also offer impediments, and 
promote the chances of failure. There is often a yellow condition 
of the £ur, which may increase the length of exposure required forty 
times or more. 

It will, from what has been said above, be readily perceived that a 
research such as this consumes a great deal of time ; in fhct, these ex- 
periments and the preparations for them have extended over more than 
twelve years. A large telescope is required, and for many reasons 
the reflector at first seems most suitable. Recently, however, I have 
found that the refractor has also some special advantages. 

In 1866 I had already constructed a silver glass reflector of 15^ 
inches aperture, which was commenced in 1858, and had taken with 
it many hundreds of photographs of the Moon. But as the monntiag 
had been contrived for lunar photography and to avoid the Mocm's 
motion in declination, the instrument was not suitable for the spectro- 
scopic work contemplated. A reflector of twenty-eight inches apeiv 
ture was therefore commenced in 1866, and in 1871 it was ready 
for use, 
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On May 29th, 1872, my first phoh^^ph of the epectnim of a atar 
was taken, the epectnim of Vega being photi^aphed by the aid of a 
qoartz prism. At this time 1 did not happen to know that Dr. Hug- 
gins, who is so distinguished for his thorough and accurate researches 
on the visible portion of the spectra of the heavenly bodies, had already 
made some attempts in this direction, as is shown by the following 
paragraph from the Transactions of the Royal Society for 1864: 
" On the 27th of Febmary, 1863, and on the 3d of March of the same 
year, when the spectrum of Sirius was caused to fall upon a sensitive 
collodion surface, an intense spectrum of the more refrangible part was 
obttuned. From want of accurate adjustment of the focus, or irom 
the motion of the star not being exactly compensated by the dock 
movement, or from atmospheric tremors, the spectrum, though tolera- 
bly defined at the edges, presented no indications of lines. Our other 
investigations have hitherto prevented us from contiuuing these experi- 
ments farther ; but we have not abandoned our intention of pursuing 

During August, 1873, 1 took several photographs of the spectmm 
of Vega, and these showed four strong lines at the more refrangible 
end of the spectnun, the least refrangible being near G. On pursu- 
ing the sabject, and seeking to ascertain what substances gave rise to 
these lines, it became obvious that a photographic study of this part of 
the spectmoi for the metala and non-metals was necessary to inter- 
pret the results. This of course opened out a large field for experi- 
ment, requiring many years for its study, and hence, as several 
physicists were engaging in the stndy of the spectra of the metals, I 
concluded to discontinue the experiments commenced in 1870 on the 
spectra of the metals, and to confine the inveatiga^on mainly to the 
non-metals. The initial step was, however, to obtain a fine photograph 
of the normal solar spectrum, so that the wave-lengths of the lines up 
to [wave-length 3440] might be determined with precision. 

In the spring of 1873 I publiahed a paper on the diffraction apec- 
tmm of the Sun, illustrated by a photograph embracing the region 
from wave-length 4350 near G to 3440 near 0, and in the fall of the 
same year took photographs of the spectra of several non-metala, 
notably nitrogen, carbon, and oxygen. The experiments were inter- 
rupted, in the spring of 1674, by going to Washington to superintend 
the photographic preparations for the United States observations on 
the Transit of Venus. 

Since that time my experiments have been divided into two parts, 
an astronomical portion occapyiDg principally the summer season, and 
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a laboratory pordoo daring the rest of the year. The former con- 
sistod of photographs and observations on the spectra of the stars, 
planets, and San; the latter, of photographic work od the spectra of 
the elementB, and particularly the non-metals, and has led to the dis- 
covery of oxygen in the Sun. 

In 1876, Dr. Hoggins published a nolo in the Froceedings of the 
Boyal Society, accompanied by a wood-cat of the spectrum of Vega, 
with a compariaou solar spectrum. Seven lines were observed in the 
spectmm of Vega. In the summer and autumn of 1876 I made 
several photographs of the spectra of Vega, a AquUie, and Venus, and 
sent a note concerning them to this Journal. 

Since that time Dr. Huggins has pursued the subject actively, in 
spite of the London atmosphere, and has attained very fine results, 
which I had the pleasure of seeing at his observatory last spring. 
These he is preparing to publish shortly. In my observatory photo- 
graphs have been taken of the spectrum of Vega, Arcturus, Capella, 
a Aquilffl, Jupiter, Mars, Venus, the Moon, etc Recently the plan has 
been to have a comparison solar spectrum on every plato, derived 
either from the diffused light of our atmosphere, or from the Moon, or 
from Jupit«r. In this way no dif&cnlty in determining the wave-lengths 
of the lines is encouutered, and the changes produced by our atmos- 
phere are eliminated. The tolescope and spectroscope are now in good 
working order, but to secure the requisite degree of precision of move- 
ment it has been necessary to make seven different driving-clocks 
before a satisfactory one was atttuned. 

It has been remarked that, on account of the fointness of the light 
of stellar spectra, prolonged exposures of the sensitive plat« are re* 
quired. In former times, when the dry processes of photography 
were much less sensitive than the best wet plates, the exposure was 
limited by the length of time the plate could be left in the camera 
without being stained by drying. But now, since the gelatino-bromide 
process has been introduced, this obstacle has been removed, and a 
sensitive plate is sometimes exposed two hours to the spectrum of a 
star, and then almost an hour to Jupiter for the comparison spectram. 
The best, and most sensidve, gelatine plates I have used are those 
made by Wratton & Wainwright of London, Dr. Huggins was good 
enough to call my attention to them. 

It is not worth while to describe the various forms of spectroscope 
that have been employed in the last ten years : quartz Iceland spar, 
hollow prisms, and flint glass have been the materials, and they have 
been sometimes direct vision and sometimes on the nsnal angular 
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plan. Gntmge on glass and Bpecolam metal ^ven to me by Mr. Rn- 
therfhrd have been tried. The length of epectroscope has been 
BomedmeB twentj-eight feet and sometimes not as many inches. 

The especial spectroscope for stellar work that is now, on the tele- 
scope is intended to satisfj the following conditions : Ist, to get the 
greatest practicable dispersion with the least width of spectmm that 
will permit the lines to be seen ; 2d, to nse the entire beam of light 
collected by the 28-inch reflector or 12-inch achromatic without loss 
by diaphragms ; 3d, to pennit the sUt to be easily seen, so that the 
star may be adjusted on it j 4th, to avoid flexnre or other causes that 
might change the position of the spectnim on the sensitive plate in 
pointing the telescope first on one and then on another object ; 5th, to 
admit of observing the spectrum on the sensitive plate at any time 
during an exposure without risk of shifting or disarrangement. The 
dispemon is produced by two heavy flint prisms, which are devoid of 
yellow color ; the telescopes are about six inches in focal length, and 
the slit has a movable plate in front of it, enabling the operator to un- 
cover either the upper or the lower portion at will. 

During the past sammer this spectroscope has been used with the 
Clark refractor of 12 inches aperture, partly because the 28-inch re- 
flector has been kept unsilvered since it was used in taking photo- 
graphs of the Transit of Mercury, on account of ila employment in 
certain ezperimenu on the Sun. Moreover, there b an advautaga 
possessed by the refractor for this work which does not appear at first 
sight. Naturally one supposes that a reflector which brings all the 
rays from the star, no matter what their refrangibility, to a focus in 
one plane, would be best, because when the slit is put in that plane it 
is equally illuminated by rays of all refrangihilities, and the spectrum 
will be parallel-sided in its whole length. Ou the other hand, a re- 
fractor is not achromatic, for the violet end of the spectrum comes to 
a focus either inside or outside of the plane of the rays in the mid- 
dle of the spectrum, and in observing the spectrum it is not parallel- 
sided. This peculiarity was used by Mr. Rutherford to enable him to 
correct a telescope lens for the ultra violet rays. It is easy, there- 
fore, with a refractor so to adjust the position of the slit that you 
may have a spectrum tolerably wide at F and G, and which grad- 
ually diminishes in width toward H, and finally becomes almost 
linear at M. Now, as the effect of atmospheric absorption on the 
spectrum increases as you pass from G toward H and above H, by 
diminishing the width of the spectrum yon can in some measure neu- 
tralize the effect, and at one exposure obtain a photograph of nearly 
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uniform intensity from end to end, thaagh it is of variable width. If 
it were not for this, it would be neceasaxy to have tha Bpectrum over- 
exposed at G in order to be visible above H, or else to reaort to an 
elaborate diaphragmlDg, which is difficult 

It is mj intention next season to return to the use of the 28-inch 
reflector, because it collects nearly five times as much light as the 
12-inch does, after making allowance for the secondaty mirror. Of 
course, in a large reflector the difSculdes of flexure and instability of 
the optical axis are much increased, and keeping a star on the alit will 
be troublesome, especially as the magni^iug power on the image is 
about 50. 

As to the results obtfuned, it has already been mentioned that the 
spectra of several stars and planets have been photographed. The 
subject of planetary spectra will be reserved £>r a future communica- 
tion. A preliminary examination at once shows that these stellar 
spectra are divisible into two groups : first, those closely resembling 
the solar spectrum ; and second, those ip which there are relatively but 
few lines, and these of great breadth and intensity. The photographs 
of the spectra of Arcturus and Capella are so similar to the solar spec- 
trum, that I have not up to the present detected any material differ- 
ences. But, on the other hand, the spectra of Vega and a Aqnilee are 
totally different, and it is not easy without prolonged study and the 
asustance of laboratory experiments to interpret the results, and even 
then it will be necessary to speak with diffidence. I have not as yet 
obtained any stellar spectrum photographs belon^ag to the third and 
fourth groups of stellar spectra as described by Secchl, These, if 
obtainable, will aid materially in discussing the whole subject ; but 
unless a star passes near the zenith it is hard to make a £ur study 
of its spectrum by photography, because atmospheric absorption in the 
ultra violet region increases rapidly as the altitude decreases. In 
the case of the Sun, I have found that at sunset the exposure neces- 
sary to photograph the spectrum above H is often 200 times as long 
as at midday. 

In the case of the spectrum of Vaga when examined by the eye, the 
lines C, F, near G and A, are readily visible, but lioes such as t> and 
b are relatively faint. It is clear, then, that hydrogen exists to a large 
exteut in the atmosphere of that star. But on examining the photo- 
graph of its spectrum it is evident that other lines just as conspicuous 
as the hydrogen lines are present One of these corresponds in posi- 
tion and character to H„ and seems to coincide with a calcium line. 
It appears to me, however, that the. evidence of this coincidence is not 
complete. 
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la attempting to reason from these photographs, as the matter notr 
BtaDds, it is necessaiy to try at every step further experiments in order 
to find out whether the facts agree with hypothesis, and it is this very 
coDdilioQ of affairs that gives hopes of results valuable in their bear- 
ing OD terrestrial chemistry and physics. In the photographs of the 
spectnuB of Vega there are eleven lines, only two of which are cer- 
tainly accounted for ; two more may be calcium ; the remaining seven, 
though bearing a most suspicious resemblance to the hydrogen lines 
in their general characters, are as yet not identified. It would be 
north while to subject hydrogen to a more intense incandescence than 
any yet attained, to see whether in photographs of its spectrum under 
those circumstances any traoe of these lines, which extend to wave- 
length 3700, could be found. 

It is to be hoped that before long we may be able to investigate 
photographically the spectra of the gaseous nebula, for in them the 
most elementary condition of matter and the amplest spectra are 
doubtless found. 
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Akt. XXXV.— On Photographs of the ^teetrum of the Nebula 
in Orion.' By Henkt Drafer, M. D. 

[Betd bcftm tlu NmUonal Aodamr of EcSmcu, April, 1882, M WHUngbm.} 

For alxint e^hteen months I have been giving attendon to the 
Nebula in Orion with two objects in view: first, to ascertain whether 
an; changes are taking place in that body, by making a series of photo- 
graphs to be compared in the future with a similar series ; and second, 
to photograph the spectrum of the nebula in various parts, so as to see 
whether any new tines could be found, and also whether the composi- 
tion is nniiorm tbroughont 

As to tbe first of these objects, I have recently succeeded in taking 
a very fine uid extensive photograph of the nebula containing most 
of the delicate outlying parts which were not in my earlier photo- 
graphs. This is in the hands of the photolithographer now, and will 
shortly be published. The experiments have been very difficult, be- 
cause an exposure of more than two hours in the telescope has been 
necessary, and an exceedingly minute motion of the stars relative to 
the sensitive plate wUl become apparent on account of the high magni- 
fying power (ISO), employed. 

In carrying out the second object two contrivances have been used : 
first, a direct vision prism in the cone of rays from the objective before 
they had reached a focus ; and second, the two-prism spectroscope with 
which I have taken photographs of stellar spectra for some years past. 

During the month of March I have made two good photographs 
with each of these arrangements. Those with the direct vision prism, 
without a slit, have of course demanded that the image should be kept 
stationary on the sensitive plate throughout the exposure, viz. two 
hours, and they are as difficult to get as good photographs of the 
nebula itself. On the contrary, those obtained with the slit spectro- 
scope do not require the same steadfast attention. 

The results derived from these photographs are interesting, partly 
from what they show and partly from what they promise in the future. 
A number of photographs, under various conditions, will be needed 
for the full elucidation of the subject. 
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The most striking feature is perhaps the discovery of two condensed 
portions of the nebula just preceding the trapeziam, which give a con- 
tinuous spectrum. At those places there is either gas under great 
pressure, or liquid, or solid. I have not been able to detect any stara 
of snfflcieut magnitude in these portions to produce this effect, either 
in my photographs of the nebula or in any of the well-known draw- 
ings of this object. It seems to me, also, that the photographs show 
evidence of continuous spectrum in other p^rts of the nebula. In 
these respects the conclusions arrived at by Lord Rosae in his memoir 
(Phil Trans. Royal Society, June 20, 1867, pi^e 70) are to a cer- 
tain extent home out. 

The hydrogen line near G, wave-length 4340, is strong and sharply 
defined; that at A, wave-length 4101, is more delicate, and there are 
faint traces of other lines in the violet Among these lines there is 
one pointof difference, especially well shown in a photograph where the 
slit was placed ia a north and south direction across the trapezium ; 
the Hy line, A. 4340, ia of the same length as the slit, and where it 
intersects the spectrum of the trapezium stars a duplication of effect 
is visible. If this is not due to flickering motion in the atmosphere, 
it would indicate that hydrogen gas was present even between the eye 
and the trapezium. I think the ea,me is true of the HS line, A. 4101. 
But in the case of two other faint lines in this vicinity I think the 
lines are not of the length of the slit, one being quite short and the 
other discontinuous. If this observation should be confirmed by future 
photographs of greater strength, it might point to a non -homogeneous 
constitution of the nebula, though differences of intrinsic brightness 
would require to be eliminated. 

The Apra number of the American Journal of Science contains an 
account of a photog^ph of the spectrum of this nebula taken by Dr. 
' Huggins. I have not found the line at K 3730, of which he speaks, 
though I have other lines which he dofes not appear to have photo- 
graphed. This may be due to the fact that he had placed his slit on 
a different region of the nebula, or to his employment of a reflector and 
Iceland spar prism, or to the use of a different sensitive preparation. 
Nevertheless, my reference spectrum extends beyond the region in 
question. 

As illustrating the delicacy of working required in this research it 
may be mentioned that in one of these photographs the spectrum of a 
star of the tenth magnitude is easily discerned. It is only a short time 
since it was con^idi-red a feat to get the image of a ninth magnitude 
star, and now the light of a star of one magnitude less may be photo- 
graphed even when dispersed into a spectrum. 
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Note on Photographt of the Speetrum of Comet b 1881. 
Bt Henrt Dbaf£b, M.D. 

The appearance of a large comet has afforded an opportunity of 
adding to our kuowledge of these bodies by applying to it a new 
means of research. Owing to the recent progress in photography, 
it was to be hoped that photographs of the comet and even of its 
spectrum might be obtained, and peculiarities invisible to the eye , 
detected. For such experiments my observatory was prepared, 
because, for many years, its resources have been directed to the more 
delicate branches of celestial photography and spectroscopy, such as 
photography of stellar spectra and of the nebulte. More than a hun- 
dred photographs of spectra of stars have been taken, and in the Nebula 
of Orion deltuls equal in faintness to stars of the 14.7 magnitude have 
been photographed. 

It was obvious that, if the comet could be photographed by less 
than an hour's exposure, there would be a chance of obtaining a 
photograph of the spectrum of the coma, especially as it was probable 
that its ultra-violet region consisted of but few lines. In examining 
my photographs of the spectrum of the voltaic arc, a strong band or 
group of lines was found above H ; and on the hypothesis that the 
incandescent vapor of a carbon compouod exists in comets, this band 
might be photographed in their spectrum. 

Accordingly, at the first attempt a photograph of the nucleus and 
part of the envelopes was obtained in 17 rainutea, on the night of 
June 24th, through breaks in the clouds. On succeeding occasions 
when an exposure of 162 minutes was given the tail impressed itself 
to an extent of oeai-Ij 10 degrees in length. 

I next tried, by interposing a direct-vision prism between the sen- 
sitive plate and the object-glass, to secure a photograph which would 
show the continuous spectrum of the nucleus and the banded spectrum 
of the coma. After an exposure of 83 minutes, a strong picture of the 
spectrum of the nucleus, coma, and part of the tail was obtuned, hut 
the handed spectrum was overpowered by the continuous spectrum. 

I then applied the two-prism spectroscope used for stellar spectrum 
photography, anticipating that, although the dimiontion of light would 
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be serious after pasung through the slit, two prisma, and two object- 
glasses, yet the advantage of being able to have a juxtaposed compari- 
son spectrum woold make the attempt desirable, and moreover, the 
continuous spectrum beiug more wealtened than the banded by the, 
increased dispersion, the latter would become more distinct 

Tliree photographs of tbe comet's spectrum have been taken with 
this arrangement, with exposures of 180 minut«s, 196 minates, and 
228 minutes, and with a comparison spectrum on each. The contin- 
uous spectrum of the nucleus was plwnly seen while the photography 
was in progress. It will take some time to reduce and discuss these 
photograpliB and prepare the auidliary photographs which will be 
necessary for their interpretation. For the present, it suffices to say 
that the most striking feature is a heavy band above H which is divisi- 
ble into lines, and in addition two faint bands, one between Gr and h 
and another between h and H. I was very careful to stop the expos- 
ure before dawn, fearing that the spectrum of daylight might become 
superposed on the cometary spectrum. 

It would seem that these photographs strengthen the hypothesis 
of the presence of carbon in comets ; but a series of comparisons will 
be necessary, and it is not improbable that a part of the spectrum may 
be due to other elements. 

271 Madison Atendb, New Yobk. 
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